Pulmonary resection remains the best curative option for patients with localised non small cell lung carcinoma 1 . Despite advances in surgical technique, anaesthesia and perioperative care, the morbidity and mortality rates for lung resection remain significant 2 . The majority of postoperative complications after lung resection are cardiopulmonary in nature; however, pulmonary complications are the main cause of postoperative death 3-6 . Although the causes of postoperative respiratory failure vary and include pneumonia, aspiration, atelectasis and pulmonary emboli, the most dreaded pulmonary complication after lung resection is acute lung injury/acute respiratory distress syndrome (ALI/ARDS) 7 .
lung cancer differ widely among centres and range from 3.8 to 17.6% [3] [4] [5] [6] [8] [9] [10] . Several factors predicting post-pneumonectomy ALI/ARDS have been identified, including excessive perioperative fluid administration 5, 9 , previous treatment with radiotherapy 9 , duration of operation 11 , rightsided pneumonectomy 12 and high intraoperative airway pressure (P aw ) 10 . The pathogenesis of postpneumonectomy ALI/ARDS is not fully understood, but intraoperative factors such as tidal volume (V T ) and airway pressure may contribute to the lung injury seen in this syndrome 13, 14 . Recently, Fernández-Pérez reported that a large intraoperative V T is associated with postoperative respiratory failure 8 . Since this analysis was based on the single largest V T recorded during the operation 8 , it could not evaluate the cumulative effect of exposure to potentially harmful ventilator settings during the operation. In addition, since they did not specify when this tidal volume was measured, V T may represent the V T measured during two-lung ventilation (TLV) as well as one-lung ventilation (OLV) 15 .
This study investigated the incidence and outcome of patients with post-pneumonectomy ALI/ARDS in primary lung cancer patients and analysed risk factors for post-pneumonectomy ALI/ARDS, focusing on the intraoperative V T and P aw during both OLV and TLV.
PATIenTS AnD MeThODS
The medical records of 146 consecutive patients who underwent pneumonectomy for primary lung cancer between May 2001 and April 2006 at Samsung Medical Center in Seoul, South Korea, were reviewed retrospectively. Internal Review Board approval was obtained for the chart review and informed consent was waived due to the retrospective nature of the study. The following clinical data were abstracted from the medical records: age, gender, height, actual body weight, predicted body weight (PBW) 16 , body mass index, presence of recent weight loss (>10%), smoking history, comorbidities (chronic obstructive pulmonary disease, hypertension, coronary artery disease, diabetes and congestive heart failure), preoperative pulmonary function tests, clinical stage and the presence of neoadjuvant treatment (radiotherapy or chemotherapy). Perioperatively, side of operation, duration of anaesthesia, postoperative mechanical ventilation at the intensive care unit and amount of fluid intake during the first 24 postoperative hours were abstracted. V T during OLV and TLV was computed using the mean value of all tidal volumes recorded which were divided by PBW during OLV and TLV, respectively. P aw during OLV and TLV were calculated in a similar manner. The clinical data including tidal volume and peak airway pressure on OLV and TLV were available for all patients.
Post-pneumonectomy ALI/ARDS was defined as the presence of: 1) severe oxygenation failure (ALI, P a O 2 / FiO 2 <300 mmhg; ARDS, P a O 2 /FiO 2 <200 mmhg); 2) diffuse pulmonary infiltrates on chest radiography and 3) the absence of signs of left heart failure with either a) the continuation of mechanical ventilation for longer than 48 hours after surgery or b) the reinstitution of mechanical ventilation within the first postoperative week. Patients requiring mechanical ventilation for any complication other than respiratory origin were excluded.
Statistical analysis
Data are presented as medians and interquartile ranges (25th and 75th percentiles) for continuous variables and as number (percentages) for categorical variables. Data were compared using the Mann-Whitney test for continuous variables and chi-square or Fisher's exact test for categorical variables. A multiple logistic regression analysis was used to identify independent risk factors associated with post-pneumonectomy ALI/ARDS. The development of post-pneumonectomy ALI/ARDS was the dependent variable and all clinical parameters were the independent variables in the forward stepwise multiple logistic regression model. Adjusted odds ratios (OR) and their 95% confidence intervals (95% CI) were calculated. Data were analysed using SPSS 13.0 (SPSS Inc, Chicago, IL, USA).
ReSULTS
Over the five-year study period, a total of 146 patients had undergone elective pneumonectomy for primary lung cancer. All patients were transferred to the intensive care unit for postoperative care; 120 (82%) patients were extubated in the operating room and the remaining 26 (18%) patients were mechanically ventilated for a median time of 20 (interquartile range, five to 40) hours postoperatively.
In all, 18 (12%) patients met the definition for post-pneumonectomy ALI/ARDS. All 18 patients were re-intubated for mechanical ventilation within a median of 3.5 (three to five) days after surgery.
Patients who developed post-pneumonectomy ALI/ ARDS had a longer hospital stay (26 [18 to 75] vs. 8 [7 to 11] days; P <0.001) and higher in-hospital mortality (12 [67%] vs. 0 [0%]; P <0.001) than those who did not. The clinical characteristics of patients who did and did not develop post-pneumonectomy ALI/ARDS are presented in Table 1 . There were no significant differences in age, gender, height, body weight, body mass index, the presence of weight loss, comorbidities, smoking history, preoperative pulmonary function test and clinical stage, the presence of neoadjuvant treatment, side of pneumonectomy, duration of operation, postoperative ventilation or the amount of perioperative fluid infusion. However, patients who developed post-pneumonectomy ALI/ARDS were ventilated with a larger V T and higher P aw during OLV than those who did not ( In the multiple logistic regression analysis, postpneumonectomy ALI/ARDS was independently associated with a larger V T (OR 3.37 per 1 ml/kg PBW increase; 95% CI, 1.65 to 6.86) and higher P aw (Table 2 ).
DISCUSSIOn
In this study of patients who underwent pneumonectomy for primary lung cancer, we observed that a large V T and high P aw during OLV were independently associated with the development of post-pneumonectomy ALI/ARDS. In addition, patients who developed post-pneumonectomy ALI/ ARDS had a longer hospital stay and greater mortality.
The occurrence of lung injury following lung resection, especially after pneumonectomy, has long been recognised and the term post-pneumonectomy pulmonary oedema was first used to describe this syndrome in 1984 17 . however, since the clinical and radiologic characteristics of post-pneumonectomy pulmonary oedema are identical to those of ALI/ ARDS [18] [19] [20] , post-pneumonectomy ALI/ARDS is now more commonly used to describe this syndrome [3] [4] [5] [6] .
The incidence of post-pneumonectomy ALI/ ARDS seen in this study is within the reported range, which varies from 4 to 18% [3] [4] [5] [6] [8] [9] [10] . The reported differences probably reflect different definitions of post-pneumonectomy ALI/ARDS or study populations. In addition, the in-hospital mortality rate of post-pneumonectomy ALI/ARDS was similar to reported rates 3, 4 .
Post-pneumonectomy ALI/ARDS usually manifests clinically as respiratory distress and hypoxaemia within 72 hours of surgery, but may manifest as late as seven days after lung resection [18] [19] [20] . Interestingly, the time frame of ALI/ARDS in this syndrome is very similar to other aetiologies of ALI/ ARDS, which also develop within one week of an inciting event 21 . Although the precise mechanism of post-pneumonectomy ALI/ARDS is not known, some perioperative event(s) or factor(s) probably initiates the inflammatory process leading to lung injury. One possible culprit might be the method of mechanical ventilation during surgery.
During pneumonectomy, the patient has to rely on one lung for adequate gas exchange. During this period, the ventilated lung may be exposed to excessive V T , which may cause over-distension. This over-distension of the lung units can induce an inflammatory response and may contribute to the development of lung injury 13, 14 . Alveolar overdistension associated with a large V T may lead to alveolar stretch injury and the development of permeability pulmonary oedema 22, 23 . These adverse effects of mechanical ventilation are well described in patients with ALI/ARDS 24 . In addition, Gajic reported that initial ventilator settings with a large V T are associated with the subsequent development of ALI in mechanically ventilated patients without pre-existing lung injury 16, 25 . This finding is supported by experimental evidence that mechanical ventilation with a large V T leads to ventilator-induced lung injury 13, 14 . Several studies suggest that a large V T during OLV also leads to ventilator-induced lung injury. A recent experimental study of an isolated rabbit lung model reported that OLV with a large V T led to lung injury and this could be minimised by setting the V T to avoid lung over-distension 26 . Schilling studied 32 patients who underwent lung resection and found that the levels of inflammatory markers in bronchoalveolar lavage fluid were higher after OLV with a V T of 10 ml/kg vs. 5 ml/kg 27 . In addition, a recently published randomised clinical trial has shown that a protective ventilatory strategy during OLV decreases the proinflammatory response, improves lung function and results in earlier extubation 28 . These studies support our finding that a large V T during OLV was significantly associated with an increased risk of postpneumonectomy ALI/ARDS.
There are some suggestions that a high intraoperative P aw leads to lung injury. Van der Werff found that peak inspiratory pressures exceeding 40 cmh 2 O were associated with the development of post-pneumonectomy pulmonary oedema 10 . Licker found that a barotrauma index that considered both the duration of OLV and increased inspiratory pressure was associated with the development of postoperative acute lung injury 5 . In agreement with these studies, we found that a high P aw during OLV was also associated with an increased risk of post-pneumonectomy ALI/ARDS. however, it is possible that a high P aw during OLV in our patients represents more severe underlying lung disease, with decreased compliance or increased resistance of the lung tissue, rather than being an independent risk factor for lung injury. however, there were no differences in the preoperative pulmonary function tests, including the forced expiratory volume in one second and forced vital capacity between patients who did and did not develop ALI/ARDS.
There are several limitations to this study. Given its retrospective nature, there is always the possibility of selection bias over-or underestimating the significance of our findings. Our study is from a single institution, which limits the generalisability of our findings to other populations. In addition, other important parameters, such as the plateau pressure during anaesthesia, could not be determined because of incomplete data in the medical records.
In conclusion, a large V T and high P aw during OLV were associated with an increased risk of post-pneumonectomy ALI/ARDS and patients who developed ALI/ARDS had longer hospital stays and greater mortality.
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